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Polyethylene or polypropylene glycol containing polymer 



This invention relates to a crosslinked polyethylene or 
5 polypropylene glycol containing polymer which has a unique 
spatial structure and can be designed especially for appli- 
cation as a chromatographic resin or as a solid support for 
the immobilization of proteins or for the synthesis of pep- 
tides, oligonucleotides or oligosaccharides. 

10 

BACKGROUND OF THE INVENTION 

When solid phase peptide synthesis was first introduced by 
Bruce Merrifield 1 it was performed on a support of 2% cross 

15 linked polystyrene allowing the preparation of a pentapetide 
by a batchwise synthesis protocol. This invention formed the 
basis of a technique, which has since been subjected to 
continuous refinement. With the synthesis of longer peptides 
it soon became apparent that the cross linking of the resin 

20 had to be optimized. The best results were obtained with the 
1% cross linked resin still used in the batch synthesis 
today 2 . A more polar dimethyl acrylamide resin suitable for. 
peptide synthesis in polar solvents like DMF was developed 
in Sheppards laboratory 3 . 

25 

With the introduction of Fmoc-based solid phase synthesis 4 ' 5 
the much more efficient continuous flow process became a 
realistic alternative to the batch method- The available 
batch resins were however not flow stable and collapsed 

30 after a few synthesis cycles. It was well established that 
increased cross linking while increasing the stability of 
the resin would not lead to useful properties for peptide 
synthesis. The first flow stable synthesis resin was 
obtained by polymerization of the soft polydimethyl acryla- 

35 mide gel inside a solid matrix of supporting kieselguhr 6 . 
This ingenious invention allowed the packing of columns, 
which were completely flow stable throughout the synthesis. 
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The principle was refined by replacing the irregular 
kieselguhr with a more regular rigid 50% cross linked 
polystyrene sponge containing a grafted polydimethyl 
acrylamide gel 7 , 

5 

At the same time a technique was developed for grafting 
polyethylene glycol on to a 1% crosslinked polystyrene 8 . The 
resulting resins were monodisperse, spherical and, more 
importantly, flow stable. A more controlled grafting by 

10 direct substitution of the functional groups in the po- 
lystyrene with modified polyethylene glycol carrying an 
amino group has also been described 9 . Polystyrene grafted to 
films of polyethylene has been used for synthesis of 
peptides under nonpolar conditions 10 and polyhydroxypropyl 

15 acrylate coated polypropylene 11 and the natural polymer, 
cotton, has shown some promise as supports under polar 
conditions 12 . 

A preparation of a polymer with short crosslinking PEG 
20 chains (h=6) was attempted by inverse suspension polymeriza- 
tion of polyethylene glycol methacrylate macromonomers 13 ; 
but with the high PEG content (60% crosslinker) the polymer 
became semicrystalline already during the polymerization 
reaction. The described polymer of short chain PEG crosslin- 
25 ked by means of ester linkages 13 was not suited for peptide 
synthesis. 

SUMMARY OF THE INVENTION 

30 The present invention provides a novel crosslinked PEG- 
containing polymer designed especially for application as 
a flow stable, highly polar solid support for solid phase 
synthesis. The polymer was constructed to be stable under 
continuous flow conditions and to be transparent with no 

35 absorbance in the aromatic region to allow the spectrophoto- 
metry monitoring of reaction within the resin. It should 
furthermore form a highly branched polymer network, with 
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good swelling in polar solvents allowing uncomplicated 
assembly of even long peptides. The change in swelling 
should be insignificant throughout the synthesis, and the 
density of the resin should allow multiple column peptide 
5 synthesis. Therefore the resin was designed to be highly 
polar assisting peptide solvatization, allowing penetration 
of polar components into the interior of the beads and 
preventing adherence to plastics. Finally easy preparation 
and low cost starting materials were considered to be very 
10 important for a successful synthesis resin. 

This is achieved with the polymer according to the invention 
which is formed by radical copolymer! zation of derivatized 
polyethylene glycol or polypropylene glycol bis-end sub- 
15 stituted with a moiety selected from the group consisting 
of acryloylalkyl , acryloylaryl, acrylamidoalkyl and acryla- 
midoaryl with an acrylic amide, nitrile or ester. 

A more specific polymer according to the invention is formed 
20 by copolymerization of a derivatized polyethylene glycol of 
the formula 



o 



25 




0 

I 

30 wherein n is an integer of from 4 to 2000, q is zero or 1, 
and R is 

-(CR» 2 ) 8 -(C 6 R» 6 ) t -(CR' 2 ) u - 
where s, t and u each is zero or an integer of 1-10, and 
each R' is H, alkyl, aralkyl or aryl, said aralkyl or aryl 
35 optionally being ring substituted with alkyl, hydroxy, 
mercapto, nitro, amino, mono- or dialkylamino, or halogen, 
with an acrylic compound of the formula 
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R 1 R 3 

\ / 
C=C 

/ \ 

5 R 2 R 4 

III 

wherein R 1 is -CY-X-R 5 or -CN, and R 2 , R 3 and R 4 each is H, 
10 alkyl, aralkyl, aryl, -CY-X-R 5 or -CN, where Y is O or S, X 
is 0/ S or NR 6 , R 5 is alkyl , aralkyl or aryl, and R 6 is H or 
R 5 , and optionally with a spacer molecule comprising 
functional groups for the attachment of peptides, proteins, 
nucleotides or saccharides. 

15 

When it is to be used as a solid support for the synthesis 
of peptides, oligonucleotides or oligosaccharides or as a 
substrate for the immobilization of proteins, the polymer 
according to the invention will incorporate a spacer 
20 comprising functional groups for the attachment of peptides, 
proteins, nucleotides or saccharides such as those selected 
from the group consisting of amino, alkylamino, hydroxy, 
carboxyl, mercapto, sulfeno, sulfino, sulfo and derivatives 
thereof, 

25 

A polymer according to the invention which is especially 
suited for application as a solid support for continuous 
flow or batchwise synthesis of peptides, oligonucleotides 
or oligosaccharides is formed by copolymer! zation of a 
30 derivatized polyethylene glycol of the formula I, wherein 
n, q and R are as defined above, with an acrylamide of the 
formula 



35 0 CH 3 

II / 
CH 2 ==CH— C — N 

\ 



40 



3 

and with a spacer molecule of the formula 
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I I 

wherein m is an integer of from 4 to 2000, and q and R are 
as defined for formula I above. 



15 



Preferred values of n in formula I above are between about 
20 and about 90 , i.e. the compound is a derivative of PEG 1000 
to PEG 4000 . Preferred values of m in formula II are between 
about 4 and about 45, i.e. the compound is a derivative of 
PEG 200 to PEG 2000 . 



20 



A preferred polymer according to the invention is composed 
of 60% of bis-2-acrylamidoprop-l-yl-PEG 1900 (1), 20% of 2- 
acrylamidoprop-l-yl[2-aminoprop-l-yl]-PEG 300 (2) and 20% of 
N,N-dimethyl acrylamide (3). 



25 



30 



35 



Such polymers according to the invention may again be 
derivatized with any of the linkers normally used in peptide 
synthesis. Four well characterized linkers for peptide 
synthesis are 4- [ f luorenylmethyloxycarbamido ( 2 , 4-diraet- 
hoxyphenyl) methyl ] phenoxyacetic acid of the formula 



0 



CH 3 0 




CH3O 



NH-Fmo c 



and 4-hydroxymethylphenoxyacetic acid 20 which are both 
cleaved in TFA producing peptide amides and peptide acids. 



SUBSTITUTE SHEET 
ISA/US 
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respectively, 4-hydroxymethylbenzamide 20 which is cleaved 
with 0.1 M NaOH, and 4-hydroxymethyl-3-nitrobenzamide 2 which 
is cleaved by photolysis. The compound 4 is also called 4^ 
[Fmoc-amino( 2, 4-dimethoxyphenyl ) methyl ] phenoxyacetic acid 
5 where "Fmoc" signifies "fluorenylmethyloxycarbonyl" . 

The present invention also relates to a solid support for 
continuous flow or batchwise synthesis of peptides, oligo- 
nucleotides or oligosaccharides said support comprising a 
10 polymer according to the invention as described above. A 
particuliar feature of the support according to the invention 
is that it is also suitable for syntheses involving en- 
zymatic reactions. 

15 The invention also relates to a solid support for enzymatic 
. synthesis of oligosaccharides with glycosyl transferases said 
support comprising a polymer according to the invention as 
described above. 

20 Further, the invention relates to a solid support for the 
immobilization of proteins said support comprising a polymer 
according to the invention as described above. 

Still further, the invention relates to a resin for applica- 
25 tion in chromatographic separations such as gel -permeation 
chromatography and ion-exchange chromatography said resin 
comprising a polymer according to the invention as described 
above. 

30 The present invention also relates to a method of continuous 
flow or batchwise synthesis of peptides, oligonucleotides 
or oligosaccharides wherein the peptide, oligonucleotide or 
oligosaccharide during the synthesis is attached to a solid 
support comprising a polymer according to the invention as 

35 described above and at the end of the synthesis is cleaved 
from said solid support. Due to the particular features of 
the polymer according to the invention this method also 
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lends itself to syntheses involving enzymatic reactions and 
specifically to an enzymatic synthesis of an oligosaccharide 
with a glycosyl transferase. 

5 The invention also relates to a method of immobilizing a 
protein wherein the protein is attached to a solid support 
comprising a polymer according to the invention as described 
above* 

10 Further, the invention relates to a method of performing 
chromatographic separations which comprises the use of a 
chromatographic resin comprising a polymer according to the 
invention as described above. 

15 In the following the polymer according to the invention is 
for short termed the PEGA resin or PEGA polymer- 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 Fig. 1 is a schematic representation of the PEGA polymer 
where the polyacrylamide backbones are shown vertically and 
the crosslinking PEG moieties are shown horizontally. 

Fig. 2 illustrates a fragment of the chemical structure of 
25 the PEGA polymer. 

Fig. 3 illustrates at the top the sequence 5 of the test 
decapeptide fragment from acyl carrier protein 65-74 
synthesized in the Example and below it a graph presenting 
30 transmission spectra of three of the acylation reactions and 
a HPLC trace of the crude product. 

Fig. 4 illustrates the large but limited swelling of the 
PEGA polymer. 

35 

THE STRUCTURE OF THE PEGA RESIN 
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The PEGA polymer has a unique structure compared with other 
polymers due to the extremely high content of crosslinking 
long chain PEG. The polymer form a highly and uniformly 
branched network of very long flexible interweaving chains 
5 which allows a high degree of swelling to a specific and 
very well defined bead size. The structure may be described 
by the schematic representation shown in Fig. 1 where the 
polyacryl amide backbones are shown vertically and the 
crosslinking PEG moieties are shown horizontally. Branch 
10 points are indicated by a dot. 

The good swelling and the long and flexible chains yield a 
gel-like and yet hard polymer with very good diffusion 
properties in the comb-like interior. The very high content 
15 and dominating influence of the PEG on the properties of the 
polymer yield a resin which swells equally well in polar 
solvents, e.g. water, N-N-dimethyl formamide, acetonitrile 
and trif luoroacetic acid, and unpolar solvents, e.g. dich- 
loromethane and chloroform. 

20 

Thus , the base and acid stable polymer according to the 
present invention is characterized by its very powerful 
swelling potential in many solvents of very different 
polarity (e.g. CH 2 C1 2 or water), derived from the high 

25 solvation energy of the major polymer component, polyoxyet- 
hylene (PEG) in these solvents. This amphipathic nature of 
PEG is due to its flexibility and ability to form folded 
structures with either polar or hydrophobic surfaces. The 
use of a high content (60-70%) of well defined diacrylamido- 

30 PEG for the crosslinking of the polymer result in a uniform 
and relatively large swelling volume (e. g. 13 fold the 
volume of the dry polymer with PEG 1900) in most solvents. 
The principle of the large but limited swelling is demon- 
strated in Fig. 4 where the folded PEG is behaving as folded 

35 springs which are stretched out completely by the large 
force of PEG solvation to form a completely permeable 
polymer with large and uniform internal cavities allowing 
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for mass transport and chemical reactions to be carried out 
inside the polymer with kinetic parameters similar to those 
observed in solution. 

5 The extremely polar character, the swelling in water and the 
large pores of the gel-like polymer allows the use of enzy- 
mes in reactions on the support. Thus it was demonstrated 
that a p-l-4-galactosyltransferase could transfer galacto- 
syl -UDP to a resin bound N-acetyl glucosamine. These proper- 
10 ties are currently being further evaluated. 

A fragment of the chemical structure of the polymer is 
presented in Fig. 2. Other types af spacers can be der- 
ivatized with acryloyl chloride and incorporated to introdu- 

15 ce the functional group, which can be an amino group, a 
carboxylic, phosphonic or sulfonic acid group, a mercapto 
or a hydroxy group, into the resin. Alternatively it may be 
omitted completely for a non functionalized resin. This can 
for example be applied in gel permeation chromatography, and 

20 the resin with charged groups can be applied in ion exchange 
chromatography. This is possible because this resin in 
contrast to other gel resins of the polydimethyl acrylamide 
and the polystyrene type is flow stable. 

25 The process for producing the polymer of the invention is 
unique in that an amino functional! zed, flow stable, higr ^ y 
swelling polymer with a constant swelling volume is obtained 
in a single radical polymerization step. The application of 
the efficient acrylamide-based radical polymerization allow 

30 the formation of completely uniform spherical beads with a 
narrow size distribution (175-200 ym) needed for fast solid 
phase chemical reactions carried out in the flow through 
mode. The polymer contains no ester bonds, and this is a re- 
quirement for a polymer which is used in a variety of 

35 chemical reactions involving strong and nucleophilic bases 
(e. g. piperidine or aqueoug solutions of alkali metal 
hydroxides) as well as strong acids (e. g. trifluoroacetic 
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acid or HF ) . 
EXAMPLE 1 

5 Copolymer izat ion of bis-2-acrylamidoprop-l-yl-PEG 1900 (1), 2- 
acrylamidoprop-l-yl[2-aminoprpp-l-yl]-PEG 300 (2) and N,N- 
dimethyl acrylamide (3) afforded a resin which fulfilled 
most of the above criteria. Compound 1 was prepared in 67% 
yield by reaction of bis-2-aminoprop-l-yl-PEG 1900 dissolved 
10 in dichloromethane and triethylamine ( 2 egv. ) at 0 °C with 
acryloylchloride (2 eqv. ) . The mixture was filtered after 
30 min and concentrated to half the volume. Diethyl ether 
( 4 volumes ) was added and the product crystallized with a 
small amount of Et 3 N*HCl. It was collected by filtration/ 
15 washed with diethyl ether, dried and characterized by 1 H-NMR 
spectroscopy. A similar procedure with dropwise addition of 
acryloylchloride (1 eqv.) to triethylamine and bis-2- 
aminoprop-l-yl-PEG 300 in dichloromethane was employed for the 
preparation of compound 2. The product could not be crystal - 
20 lized but was stirred several times with diethyl ether at 
20 °C and decanted after cooling to -30 °C. Residual diethyl 
ether was removed in vacuo yielding 74% of product contai- 
ning one acrylamido- and one amino group for each PEG 
molecule according to the integration of a ^H-NMR spectrum. 
25 X H-NMR in CDC1 3 relative to CHC1 3 = 7.30 ppm, 6 ppm(J 

Hz) for 1; Acrylamide; 6.33 (17,0, 2H, CH 2 -trans), 
5.64(10.0, 2H, CH 2 -cis), 6.19(17.0, 10.0, 2H, CH); 2- 
amidopropyl; 1.24(6.6, 6H, CH 3 ); 4.19-4.16(m, 2H, CH) 
3.50(6.6, 10.6,CH 2 ) 3.66(m, 190H, PEG), 2 had similar 
30 chemical shifts and integrated correctly. Et 3 N-HCl 

could be removed from 1 by partition between CH 2 C1 2 and 
water. The bisacrylamido-PEG 300 is insoluble in water 
and can therefore be removed from 2 before polymeriza- 
tion. 

35 The syrup was estimated to contain approximately 15% of 
respectively the bisacrylamido- and the diamino-PEG 300 - 
derivatives. 
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The polymer was prepared in a granulated and in a beaded 
form both with a high content of PEG and with 20% N,N- 
dimethyl acrylamide added to avoid neighboring branching 
points in the acrylic polymer. The 20% of the mono amine 3 
5 was added to yield a substitution of approximately 0.1 
mmol/ml in the final swollen resin. Thus 1 (3 g), 2 (1 g) 
and 3 (1 mL) were dissolved in DMF (5 mL) and water (3 mL). 
The solution was purged with argon for 15 min. Ammonium 
peroxydisulfate (800 mg) in water (2 mL) was added. The 

10 solution was stirred for 5 min and then left for 5 h to 
polymerize. It was cut up and granulated through a fine 
stainless steel net with mask size 0.8 mm. Fines were 
decanted 3 times with ethanol (100 mL). It was washed on a 
filter with water (100 mL), sodium hydroxide (1 M, 50 mL), 

15 water (200 mL), DMF (50 mL), and ethanol (100 mL) and sucked 
dry. The resin was lyophilized affording 84% yield. The 
granulated resin swelled to 6 mL/g in DMF. It was swelling 
to a similar degree in dichloromethane, in TFA, in alcohols 
and in water, thus showing a wide scope for applications. 

20 

Alternatively the resin was prepared in a beaded form 
essentially as described by Kanda et al. 14 . The beaded 
polymer was treated as described above yielding 70% of fine 
beads swelling to 8 mL/g in DMF. The beaded resin was best 
25 handled as a slurry in DMF since the dry beads had a 
tendency to adhere to glass and metal. It did however not 
at all adhere to plastics and teflon. 

The beaded resin (200 mg) was packed into a glass column and 
30 derivatized with Fmoc-Gly-O-Pfp and then 4-[Fmoc-amino(2,4- 
dimethoxyphenyl ) methyl] phenoxyacetic acid, (4; Rink linker 15 , 
160 rag) by the TBTU procedure 16 . After 20 min Dhbt-OH was 
added indicating complete reaction, and acetic anhydride (40 
was added. The resin was deprotected and the test 
35 decapeptide fragment from acyl carrier protein 65-74 (5; 
Fig. 3) was synthesized by the Dhbt ester method 17 on a 
custom made peptide synthesizer the reaction being followed 
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with a solid phase spectrophotometer 18 . In Fig. 3 transmis- 
sion curves are shown for three of the acylation reactions. 
The peptide was isolated in 31 mg crude product yield by 
cleavage with 92% TFA, 3% anisble, 1% EDT, 1% thioanisole 
5 and 3% H 2 0. The recorded reaction times were compared to the 
reaction times for the same synthesis on the kieselguhr 
supported polyamide resin 19 presented in brackets: Gly, 2 
min; Asn, 3 min (30 min); lie, 43 min (60 min); Tyr, 3 min 
(36 min); Asp, 3 min (20 min); lie, 73 min (30 min), Ala, 

10 5 min (20 min); Ala, 5 min (20 min); Gin, 10 min (60 min); 
Val, 65 min (> 1440 min). The last addition of Val to Gin 
is known to be particularly difficult due to aggregation in 
the resin allowing complete acylations only with precautions 
and addition of hydrogen bond breaking agents . With the PEGA 

15 resin it was complete in 65 min, and HPLC and amino acid 
analysis and sequence analysis showed no presence of the 
desvaline peptide usually observed in these syntheses. 
Similar reaction times and results were obtained with the 
granulated resin. 

20 

EXAMPLE 2 

Preparation of a beaded 1900/300-FEGA resin 

25 Bis-acrylamidopropyl-PEG 1900 (1) 

Bis-aminopropyl-PEG 1900 (300 g, 150 mmol, 300 mmol NH 2 ) was 
dissolved in triethylamine (41,7 ml, 300 mmol) and dichlo- 
romethane (350 ml) and acroylchloride( 24.37 ml, 300 mmol) 

30 was slowly added with cooling at 0-15 °C over a period of 
40 min with efficient stirring. Then the mixture was stirred 
for 20 min. After filtration and washing with CH 2 C1 2 (100 
ml) the combined filtrate was evaporated at 10 and 0.1 torr 
(40 °C). Et 2 0 ( 800 mli) was added. The product was stirred 

35 and then cooled and allowed to crystallize at -78 °C with 
stirring and then left overnight at -20 °C. Filtration and 
grinding up with more Et 2 0 (500 ml) followed by filtration 
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and washing with Et 2 0 (300 ml) afforded 308g of product. 
Monoacry lamidopropyl - ( aminopropy 1 ) -PEG 300 ( 2 ) 

5 Bis-aminopropyl-PEG 300 ( 100 ml, 0,5 mole NH 2 -groups) was 
dissolved in CH 2 C1 2 (50 ml) and acroylchloride (10 ml, 0.12 
mole) dissolved in CH 2 C1 2 (150 ml) was slowly added under 
argon at 0 °C with cooling on ice over a period of 90 min. 
The mixture was stirred for 20 min and evaporated first at 
10 10 torr and then at 0.1 torr to yield a thick syrup. This 
crude mixture was used for the polymerization. 



Polymerization 

15 1 (150 g) and 2 (100 g) were dissolved in water (570 ml) 
stirring with a stream of argon. N,N-Dimethylacrylamide 
(fresh, 30 g) was added and flushing was continued for 5 
min. Hexane (1685 ml) and CC1 4 (1140 ml) were mixed in the 
polymerization apparatus and argon was flushed through. The 

20 apparatus was heated to 65-77 °C. (NH 4 ) 2 S 2 0 8 (4.2 g) in H 2 0 
(15 ml) was added to the aqueous polymerization mixture at 
20 °C with argon stirring. Sorbitan monolaurate (3.6 g in 
15 ml DMF) was added and the mixture was transferred to the 
apparatus stirring 550-600 rpm (T=50 °C). After 2 min 

25 stirring at 550 rpm N, N, N 1 , N 1 -tetramethyl ethylenediamine 
(12 ml) was added and the stirring was continued while the 
temperature was increased to 65 °C. After 30 min the stir- 
ring was increased to 600 rpm and continued for 4 h. The 
resin was cooled and filtered in a 12 cm * 35 cm filter with 

30 a valve, washed with methanol (1 L) and water (2 L). It was 
passed through a steelnet, transferred back to the filter 
and washed with water (8 L) and methanol (2.5 L). The metha- 
nol may be removed by lyophilization. 



35 



Solid-p hase Synthesis. General Procedure. - Synthesis of the 
glycopeptides was performed in DMF with a custom-made, fully 
automatic, continuous-flow peptide synthesizer or by the 
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plastic syringe technique (as described below) using PEGA- 
resin{358) (0.07 mmol/g). Amino acids were coupled as their 
Pfp esters (3 equiv.) with Dhbt-OH (1 equiv.) added as an 
auxiliary nucleophile or as their Dhbt-esters (3 equiv- ). 
5 The sidechains were protected with Bu' for serine, threonine 
and tyrosine, N^-Fmoc deprotection was effected by treatment 
with 20% piperidine in DMF for 30 min and the acylation 
times were determined with a solid-phase spectrophotometer 
at 440 nm. Glycine was coupled directly on to the resin 

10 followed by coupling of the Rink-linker by the TBTU pro- 
cedure. {413} The first amino acid was coupled and unchanged 
amino groups were capped by addition of acetic anhydride 
before coupling of the second amino acid. After deprotection 
of the last amino acid the resin was removed from the 

15 column, washed with dichloromethane and lyophilized over- 
night- The cleavage of the peptide or the glycopeptide from 
the solid support was performed by treatment with a mixture 
of TFA, water and scavengers as described in detail under 
the individual peptides. After cleavage the resin was poured 

20 on to a glass filter and washed three times with TFA 
followed by 95% aqueous acetic acid. The combined filtrates 
were concentrated and the residue was solidified by several 
triturations with diethylether which was decanted. Residual 
solvent was removed under reduced pressure and the peptide 

25 was purified by preparative HPLC. 

The purified acetylated glycopeptide was dissolved in dry 
methanol (1 mg cm" 3 ) and 1 mol dm" 3 sodium methoxide in 
methanol was added until a wetted pH-paper indicated pH 11 . 
30 The mixture was stirred at ambient temperature for 2 h, 
neutralized with small pieces of solid C0 2 and concentrated. 
The residue was dissolved in water (1 mg cm" 3 ) and purified 
by preparative HPLC . 

35 Solid-phase synthesis. Plastic syringe technique. — Peptide 
28 and glycopeptide 29 were synthesized by use of the 
plastic syringe technique, which is a simple and cheap 
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alternative to automatic peptide synthesizers . The technique 
is exemplified here with the synthesis of dipeptide, H-Asn- 
Fhe-NH 2 28. A 20 cm 3 disposable plastic syringe A (without 
piston) was fitted with a sintered teflon filter (pore size 
5 70 pm) and the outlet connected to the outlet of a 50 cm 3 
plastic syringe B via a teflon tube with luer adapters. 
Syringe B was used as a waste syringe to remove solvents. 
PEGA-resin (0.5 g, 0.07 mmol/g) was placed in syringe A and 
allowed to swell in DMF (10 cm 3 ) which was carefully added 

10 from the top and removed from the bottom by suction with 
syringe B. N°-Fmoc-L-Gly-OPfp (49 mg, 0.105 mmol) and Dhbt- 
OH (5.7 mg, 0.035 mmol) was dissolved in DMF (4 cm 3 ) and the 
mixture poured on to the resin. After coupling the resin was 
rinsed with DMF (8x4 cm 3 ) before N°-Fmoc deprotection. 

15 Piperidine in DMF (20%, 2x4 cm 3 ) was added to the resin in 
two steps. The first portion was sucked quickly through the 
resin followed by addition of the second portion , which was 
removed after 30 min. After thorough rinse with DMF (8x4 
cm 3 ) Rink-linker (57 mg, 0.105 mmol), TBTU (34 mg, 0.105 

20 mmol) and N-ethyl-morpholine (26 mm 3 , 0.21 mmol) was 
dissolved in DMF (4 cm 3 ) and added to the resin. After 2 h 
the resin was rinsed with DMF (8x4 cm 3 ) before N-Fmoc 
deprotection and coupling of l^-Fmoc-L-Phe-OPfp and frT-Fmoc- 
L-Asn-OPfp as described above. After final deprotection the 

25 peptide-resin was rinsed with dichloromethane and lyophili- 
zed before cleavage of the peptide from the solid support 
with TFA/ethanedithiol/thioanisol/anisol/water (67/1/1/2.7/- 
2.7) to yield crude dipeptide 28. 

30 H-Asn-Phe-NH 7 28 and H-Asn( 2, 3, 6-tri-0-acetvl-4-0-( 2.3. 4. 6- 
tetra-0- acetyl - B -D-galactopyranosvl )- B-P-qlucopyranosyl)- 
Phe-NH ; 29 . Title compounds 28 and 29 were synthesized by 
the plastic syringe technique as described. In the synthesis 
of 29 H-Phe-Resin was coupled with 27 (80 mg, 0.07 mmol) to 

35 give peptide-resin A. 

d-Ala-Ser-Thr-Thr-Thr-Asn( 4-0-a-D-qlucopvranosvl-B-P-alu- 
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cose ) -Tvr-Thr-NH ? 31 . The solid-phase synthesis was 

carried out on a custom-made, fully automatic, continuous- 
flow peptide synthesizer, according to the general procedure 
as described above. PEGA-resin (0.5 g, 0.07 mmol/g) was 
5 used. Two equivalents of 7 (80 mg, 0.07 mmol) were used, 
with one equivalent of Dhbt-OH (5.7 mg, 0.035 mmol). After 
completed coupling (4 h) residual 7 was recovered (48 mg, 
0.04 mmol). d-Alanine was incorporated as the free acid by 
the TBTU procedure. {413} After cleavage from the resin with 
10 TFA/ethanedithiol/thioanisol/anisol/water (67/1/1/2.7/2.7) 
(22 cm 3 , 2 h, ambient temperature) and trituration with 
ether, the solidified crude glycopeptide , hepta-0- acetate 

30 (36 mg, 87% - based on 7) was purified by preparative 
HPLC using 10% solvent B for 20 min, followed by a linear 

15 gradient of 10-60% solvent B during 100 min (retention time 
59.6 min). The yield of 30 was 11 mg (27%). Deacetylation 
with sodium methoxide as described above, followed by puri- 
fication by preparative HPLC using 0% solvent B for 10 min, 
followed by a linear gradient of 0-30% solvent B during 60 

20 min (retention time 30.6 min) afforded pure title compound 

31 (5.5 mg, 17%). X H and 13 C NMR data are presented in Table 
7 and Table 8, respectively. Amino acid analyses (theoreti- 
cal value in parenthesis): Ala 1.00 (1), Asn 0.88 (1), Ser 
1.06 (1), Thr 4.17 (4), Tyr 0.89 (1). 

25 
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PATENT CLAIMS 

1. A crosslinked polyethylene or polypropylene glycol con- 
taining polymer formed by radical copolymerization of deri- 
5 vatized polyethylene glycol or polypropylene glycol bis-end 
substituted with a moiety selected from the group consisting 
of acryloylalkyl, acryloylaryl , acrylamidoalkyl and acryla- 
midoaryl with an acrylic amide , nitrile or ester. 

10 2. A polymer according to claim 1 which is formed by 
copolymerization of a derivatized polyethylene glycol of the 
formula 



0 



15 




wherein n is an integer of from 4 to 2000, q is zero or 1, 
and R is 

-(CR' 2 ) s -(C 6 R* 6 ) t -(CR' 2 ) u - 
where s, t and u each is zero or an integer of 1-10, and 
25 each R f is H, alkyl, aralkyl or aryl, said aralkyl or aryl 
optionally being ring substituted with alkyl , hydroxy, 
mercapto, nitro, amino, mono- or dialkylamino, or halogen, 
with an acrylic compound of the formula 

30 R 1 R 3 

\ / 
C=C 

/ \ 
R 2 R 4 

35 

III 

wherein R 1 is -CY-X-R 5 or -CN, and R 2 , R 3 and R 4 each is H, 
alkyl, aralkyl, aryl, -CY-X-R 5 or -CN, where Y is 0 or S, X 
40 is 0, S or NR 6 , R 5 is alkyl, aralkyl or aryl, and R 6 is H or 
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R 5 , and optionally with a spacer molecule comprising 
functional groups for the attachment of peptides, proteins, 
nucleotides or saccharides, 

5 3 * A polymer according to claim 2 which incorporates a 
spacer comprising functional groups selected from the group 
consisting of amino, alkyl amino, hydroxy, carboxyl, mer- 
capto, sulfeno, sulfino, sulfo and derivatives thereof. 

10 4. A polymer according to claim 2 which is formed by 
copolymerization of a derivatized polyethylene glycol of the 
formula I, wherein n, q and R are as defined in claim 2, 
with an acrylamide of the formula 



15 



20 



O 

I! 



CH 3 

/ 

A 

CH, 



and with a spacer molecule of the formula 



25 



30 




I I 



wherein m is an integer of from 4 to 2000, and q and R are 
as defined for formula I in claim 2. 



35 5. A polymer according to claim 4 which is composed of 60% 
of bis-2-acrylamidoprop-l-yl-PEG 1900 (1), 20% of 2-acrylami- 
doprop-l-yl[2-aminoprop-l-yl]-PEG 300 (2) and 20% of N,N- 
dimethyl acrylamide (3). 
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6. A polymer according to claim 4 derivatized with any of 
the linkers normally used in peptide synthesis. 

7. A polymer according to claim 6 said linker being 4- 
5 [ f luorenylmethyloxycarbamido( 2 , 4-dimethoxyphenyl )methyl ] - 

phenoxyacetic acid of the formula 

0 



10 




CH 3 0 NH-Fmoc 
4 

15 4-hydroxymethylphenoxyacetic acid, 4-hydroxymethylbenzamide 
or 4-hydroxymethyl-3-nitrobenzamide. 

8. A solid support for continuous flow or batchwise synthe- 
sis of peptides said support comprising a polymer according 

20 to any one of claims 1-4. 

9. A solid support for continuous flow or batchwise synthe- 
sis of oligonucleotides said support comprising a polymer 
according to any one of claims 1-4. 

25 

10. A solid support for the synthesis of oligosaccharides 
said support comprising a polymer according to any one of 
claims 1-4. 

30 11. A solid support according to any one of claims 8-10 said 
support being suitable for synthesis by enzymatic reactions. 

12. A solid support according to claim 10 for enzymatic 
synthesis of oligosaccharides with glycosyl transferases. 

35 

13. A solid support for the immobilization of proteins said 
support comprising a polymer according to any one of claims 
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14. A resin for application in chromatographic separations 
said resin comprising a polymer according to any one of 

5 claims 1-4. 

15. A method of continuous flow or batchwise synthesis of 
a peptide wherein the peptide during the synthesis is 
attached to a solid support comprising a polymer according 

10 to any one of claims 1-4 and at the end of the synthesis is 
cleaved from said solid support. 

16. A method of continuous flow or batchwise synthesis of 
an oligonucleotide wherein the oligonucleotide during the 

15 synthesis is attached to a solid support comprising a 
polymer according to any one of claims 1-4 and at the end 
of the synthesis is cleaved from said solid support. 

17. A method of continuous flow or batchwise synthesis of 
20 an oligosaccharide wherein the oligosaccharide during the 

synthesis is attached to a solid support comprising a 
polymer according to any one of claims 1-4 and at the end 
of the synthesis is cleaved from said solid support. 

25 18. A method according to any one of claims 15-17 wherein 
the synthesis involves an enzymatic reaction. 

19. A method according to claim 17 for enzymatic synthesis 
of an oligosaccharide with a glycosyl transferase. 

30 

20. A method of immobilizing a protein wherein the protein 
is attached to a solid support comprising a polymer accor- 
ding to any one of claims 1-4. 

35 21. A method of performing chromatographic separations which 
comprises the use of a chromatographic resin comprising a 
polymer according to any one of claims 1-4. 
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n=45, m = 6 

R 6 = -C0-N(CH 3 ) 2 



FIG, 2 
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